Abstract. Performance of an La 0.6 Sr 0.4 Fe 0.8 Co 0.2 O 3-δ (LSCF)--Ag/(Ag 0.9 Co 0.1 ) cathode on a Ce 0.8 Sm 0.2 O 1.9 electrolyte was studied. The effect of Co alloying on Ag-impregnated Ag + LSCF cathode for the oxygen reduction reaction in intermediate temperature solid oxide fuel cells has been studied in detail. The results indicate that an addition of 10 mol.% Co effectively inhibits the growth and coalescence of Ag particles at high temperatures. As a consequence, the electrochemical performance and stability of the cathode are significantly improved. The electrochemical performance of the Ag + LSCF and Ag 0.9 Co 0.1 + LSCF cathodes is much better than that of the mixed ionic and electronic conducting oxide cathodes LSCF.
Introduction
Due to the high cell efficiency, zero pollution and low emission, solid oxide fuel cells (SOFCs) are receiving more and more attention [1, 2] . However, the biggest problem is that the operating temperature (800-1000°C) is so high that it cannot be commercialized. Reducing the working temperature of SOFC to intermediate temperature (IT) range (500-800 °C) is the best method to solve this problem [3, 4] . Low operating temperature not only reduces the production costs but also expands the operating life. Unfortunately, new issues such as the cathode resistance increases would be brought when the temperature is decreased. Therefore, research and development of advanced cathode materials for SOFC is one of the key goals [5, 6] . La 0.6 Sr 0.4 Co 0.2 Fe 0.8 O 3-δ (LSCF) is a promising cathode material [7] . Unfortunately, the development of LSCF cathodes has been hindered by their performance degradation. An LSCF cathode, may suffer from low surface activity for ORR , which may correlate strongly with the change in surface chemistry of LSCF under service conditions [8] . Adler et al. have reported that cathodic reaction of LSCF on GDC is dominated by both the oxygen ion transport and oxygen surface exchange processes [9] .
It is an effective way to enhance the activity of the cathode by simply decorating the cathodes with traditional materials or other mental particles. Recently, various transition metal catalysts, such as noble metals Pd, Pt, Ag and non-noble metals Co, Fe [10, 11] have been decorated the cathode to enhance the ORR activity, among which Ag has been considered as one of the most activity ones. However, like most of transition metal catalysts in nano-size, the Ag have low melting point and consequently its high tendency for agglomeration, leading the loss of the catalytic activity and durability performance. Thus, it is crucial to develop protection strategies to stabilize the mental nano-particles against agglomeration during the catalytic reaction. In our previous work, we have proved that such agglomeration can be inhibited by alloying Co into Pd. And we found that [12, 13] .
Therefore, in this work, we studied the alloying effect of Co/Ag alloys on the temperature-dependent microstructure stability of Ag and Ag 0.9 Co 0.1 + LSCF cathodes. Such Co/Pd alloys were synthesized via wet impregnation method and then characterized.
Experimental

Material Synthesis
EDTA-Citrate method (CEM) was used to synthesize La 0.6 Sr 0. 4 2 •6H 2 O (99%) were dissolved in distilled water. Next, EDTA and citric acid was dissolved by ammonia followed adding to metal solution to form an aqueous mixed solution. And then the aqueous mixed solution was evaporated to become gelatum, which was then dried in oven at 250 °C for 5 h to obtain the precursor. Finally, the precursor was calcined at 900 °C for 5 h to become the required materials.
Preparation of the Impregnating Solution
To make Ag or Ag 0.9 Co 0.1 impregnated cathodes, the impregnating solution was prepared from AgNO 3 To obtain the cathode slurry, the La 0.6 Sr 0.4 Fe 0.8 Co 0.2 O 3-δ powders were initially dispersed into a pre-mixed solution of glycerol, ethylene glycol and isopropyl alcohol, and then followed by planetary milling (Fritsch, Pulverisette 6) at 400 rpm for 0.5 h. The resultant slurry was symmetrically sprayed onto both sides of the SDC disks and then calcined at 900 °C for 2 h in air. Ag paste was painted on the surface of the symmetric cathodes and then dried as current collector.
Characterizations
The phase structure of Symmetric cells were determined through a powder X-ray diffraction (XRD, Bruker D8 Advance) with Cu-Kα radiation (λ=1.54056Å).
Electrochemical impedance spectra (EIS) of the symmetrical cells were measured on Solartron 1287 and 1260. Electrochemical workstations with a frequency range of 0.01 Hz to 100 kHz and an AC amplitude of 10 mV. The symmetrical cells were tested from 550 to 750 °C at intervals of 50 °C in air. Figure 1 . depicts the room-temperature XRD patterns of Ag-impregated LSCF and Ag 0.9 Co 0.1 -impregated LSCF cathodes. All the XRD peaks can be indexed to LSCF and Ag phases and no other phases were observed, indicating that a solid solution on the surface of the LSCF porous structure. 
Results and Discussion
